
ABSTRACT: Entire fresh chicken legs were subjected to three
pretreatments (packaged in air; packaged under vacuum; or mar-
inated in natural plant extracts and packaged in air) followed by
irradiation (0, 3, or 5 kGy). The control and irradiated chicken
legs were stored at 4°C and analyzed for FA composition and sen-
sory quality at predetermined intervals. Irradiation dose had a sig-
nificant (P ≤ 0.01) effect on FA derived from phospholipid but less
than on FA derived from a neutral lipid. In general, levels of un-
saturated FA decreased as the radiation dose increased; however,
for marinated chicken legs irradiated with 5 kGy, levels of linoleic
acid (C18:2) and arachidonic acid (C20:4) derived from the phos-
pholipid fraction were significantly (P ≤ 0.05) higher than those
irradiated in air or under vacuum. The concentration of FA also
decreased significantly (P ≤ 0.05) as storage time increased. For
chicken legs packaged in air or marinated and then packaged in
air, significant (P ≤ 0.01) inverse correlations existed between
high-carbon-number PUFA and lower-carbon-number (≤17) satu-
rated FA; this relationship was not apparent in samples irradiated
under vacuum. A processing  combination of marinating and vac-
uum packaging might better control lipid oxidation and degrada-
tion in irradiated chicken. Panelists found no significant differ-
ence (P > 0.05) in the flavor and odor intensity of cooked irradi-
ated chicken legs and their nonirradiated equivalents.
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Antioxidants are widely used to stabilize fats and control ox-
idative deterioration of foods. Most of the antioxidants in use
commercially (e.g., BHA, BHT, TBHQ, and propyl gallate) are
synthetic (1). Although largely effective, synthetic antioxidants
continue to be scrutinized for their safety as food additives;
consequently, there is increasing public interest in the use of
natural antioxidants. Extracts from spices, rosemary, thyme,
and sage are reported to possess antioxidant properties compa-
rable to or greater than BHA and BHT (2). Lacroix et al. (3)
reported that natural antioxidants from rosemary and thyme
caused substantial reduction in the generation of volatile hy-
drocarbons from arachidonic and linoleic acids generated dur-
ing irradiation at 3 and 9 kGy. Antioxidant properties of these
spices have been attributed to their phenolic compounds and

the essential oil fraction (4). Citric acid, a naturally occurring
substance, contributes to the stability of lipids by chelating
metals (e.g., iron and copper), which act as pro-oxidants. The
use of natural antioxidants could be effective in protecting food
nutrients against oxidation and at the same time could enhance
the effectiveness of irradiation technology by reducing the dose
necessary to eliminate pathogenic bacteria in food (5). How-
ever, irradiation of meat enhances lipid oxidation, resulting in
the development of undesirable flavors (6,7). Radiolytic hydro-
carbons, the major products of lipid oxidation, contribute to un-
desirable off-flavors in irradiated meats. Merritt et al. (6) found
that irradiation dose was linearly related to production of radi-
olytic hydrocarbons. There appears to be a threshold dose
above which off-flavors are detected in irradiated meats; for
poultry, the threshold dose was reported to be 2.5 kGy (8). In-
dications are, however, are that doses higher than 2.5 kGy may
be required for complete elimination of Salmonella on chicken
(9).

The objective of this study was to evaluate the effects of
three treatments—(i) marinating in natural plant extracts prior
to irradiation; (ii) irradiating in air; (iii) irradiating under vac-
uum—on FA composition and sensory quality of entire fresh
chicken legs during storage at 4°C.

EXPERIMENTAL PROCEDURES

Chicken legs. Entire fresh chicken legs (150 ± 50 g each) were
purchased at a local grocery (IGA, Laval, Canada) on the day
of slaughter and prepared in three different ways: packaged in
air; packaged under vacuum; or marinated and packed in air.

Marinating. The marinade was a mixture of 250 mL of
lemon juice, 20 g of ground thyme, and 20 g of ground rose-
mary. The entire chicken legs were immersed in the marinade
(in a ratio of 12 legs per liter) for 24 h at 4°C so as to reduce
the pH (2.76) and solubilize active compounds present in the
spices.

Packaging. Chicken legs were individually packed with
high-barrier Cryovac BBI bags (Duncan, SC) and sealed in air
or under vacuum according to the assigned pretreatment before
irradiation. The thickness of the bag film was 50 µm, and O2
and CO2 permeability values were 20 and 80 cm3 m−2 day−1

atm−1, respectively. A Multivac model A300 machine (Haggen-
muller, Wolfertschwenden, Germany) was used for the sealing. 

Irradiation. The individually packaged entire fresh chicken
legs were placed in iced styrofoam boxes (17′′ × 11′′ × 6′′) and
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loaded in the JS8900 carrier-type irradiator (MDS Nordion In-
ternational, Kanata, Ontario, Canada) with a cobalt-60 source.
The dose range was from 2.9 to 3.4 kGy for a mean dose of 3
kGy, and 4.8 to 5.3 kGy for a mean dose of 5 kGy. Amber per-
spex 3042D (Atomic Energy Research Establishment, Harwell,
Oxfordshire, United Kingdom) was used to validate dose dis-
tribution within the boxes. Both irradiated and nonirradiated
chicken legs were stored at 4°C.

Extraction of lipids. Whole chicken legs were ground, and
duplicate aliquots (5000 ± 0.1 mg) were subjected to lipid ex-
traction sequentially by the dry column method (10). The sam-
ple was ground in a mortar with 20 g granular anhydrous
sodium sulfate and then with 15 g Celite 545 (Fisher Scientific,
Ltd., Ottawa, Canada). The resulting mixture was packed onto
10 g of 1:9 CaHPO4/Celite 545 trap in a glass chromatography
column (i.d. 35 mm). The column was charged with 90:10
CH2Cl2/MeOH (Anachemia, Rouses Point, NY) and 150 mL
of eluate was collected into a 200-mL round-bottomed flask.
Solvent was removed by evaporation under nitrogen at room
temperature, and the contents of the flask were transferred with
hexane into 100-mL volumetric flasks and brought to volume
with hexane. 

Separation of neutral lipids (NL) and phospholipids (PL).
Total lipids were separated into NL and PL according to the
method of Salih et al. (11). Lipid fractions (0.5 g) were held for
16 h at −25°C in a 125-mL Erlenmeyer flask containing 10 g
activated silicic acid (Sigma Chemical Co., St. Louis, MO) and
125 mL chloroform (Anachemia). The content of each flask
was filtered through a sintered glass funnel under vacuum. The
silicic acid remaining in the funnel was washed with 5 × 30 mL
aliquots of chloroform to elute the NL. The PL were eluted by
washing the silicic acid residue with 3 × 25-mL aliquots of
methanol. The solvents were evaporated under nitrogen from
each fraction; the PL or NL were weighed and redissolved in
chloroform to a specified volume.

Derivatization of glycerides to methyl esters. The NL or PL
were converted to their methyl esters according to the method
of Slover and Lanza (12). The lipids were treated with
NaOH/MeOH followed by BF3/MeOH. Methyl heneicosanoate
(C2l:0) was added as internal standard.

Equipment. A Varian Model 3400 gas chromatograph,
equipped with a hydrogen FID, Varian Star Chromatography
Workstation software (1992), and 30 m × 0.25 mm i.d., 1-µm
film thickness DB5 capillary column (Supelco Inc., Bellefonte,
PA) was used. Helium was used as carrier gas. The column
temperature was held for 1 min at 80°C and then increased at
20°C/min to 150°C and then at 4°C/min to 280°C. The injector
temperature was increased from 70 to 300°C at 100°C/min and
held for 60 min. The detector temperature was maintained at
300°C.

Identification. FA of NL and PL were identified by compar-
ison with standards and the retention times of known FAME
peaks. The FA standards were obtained from Aldrich Chemical
Co. (Milwaukee, WI), and the PL standards were obtained
from Sigma (Sigma). Peak areas were quantified by the com-
puter (Varian Star Workstation) using integration parameters
and expressed as percentages of total area.

Sensory evaluation. Thirty panelists from the INRS-Institut
Armand Frappier (Laval, QC, Canada) who evaluated the sen-
sory attributes of the cooked entire fresh chicken legs had pre-
viously participated in training sessions to become familiar
with the sensory characteristics of cooked entire fresh chicken
legs. Panelists were trained for a period of 3 mon in 1-h ses-
sions three times a week (36 h total). Triangle tests were per-
formed for each session (13 h total) to select 10 panelists who
could detect off-flavors in chicken irradiated with 7, 5, or 3
kGy. Prior to sample evaluation, these 10 selected panelists par-
ticipated in 2–3-h orientation sessions to select, recognize, and
scale attributes of chicken using references and an intensity
scale. The panel agreed on all attributes considered necessary
for evaluation of the irradiated chicken and defined theses at-
tributes. Panelists were asked to evaluate the color intensity,
the flavor intensity, the odor intensity, and the muscle fiber in-
tegrity (mushiness) of the samples on the instruction scaling by
making a vertical line across the scale to reflect their judgment.
The instruction scaling is composed of a 15-cm-long horizon-
tal line, anchored with a term at each end, containing gradua-
tions every 1.5 cm (13). For each attribute, the distance was
measured in centimeters with a ruler from the left end point to
the point marked by the panelist, and the numerical score was
recorded. The terms from the left end to the right end were, re-
spectively, none and strong for odor, pale yellow to dark yel-
low for color, no off-flavors to intense off-flavors for flavor,
and tough to tender for muscle fiber integrity.

The day after irradiation (5 kGy), 60 entire fresh chilled
bone-in chicken legs (20 packed in air, 20 packed under vac-
uum, and 20 marinated, packed in air) were roasted in a con-
ventional oven at 190°C until the internal temperature reached
82–85°C before being served to the panelists. After cooking,
roasted chicken legs were covered with aluminum foil and held
in an oven at 77°C until served on white polyfoam plates. Sam-
ples were presented in random sequence to panelists. The serv-
ing size was an entire cooked chicken leg, and samples were
served with the skin. Evaluation was conducted in an air-con-
ditioned sensory evaluation laboratory in individual partitioned
booths. Each booth was illuminated with an 80-watt incandes-
cent bulb. Samples were identified by a three-digit code num-
ber. Panelists were instructed to evaluate color of the entire
sample first and odor second, and then to remove the leg and
skin. Panelists cut a strip from a specific part of the leg and cut
it into cubes; these cubes were used for flavor and muscle fiber
integrity evaluation. Water and unsalted crackers were pro-
vided for cleaning the palate between samples.

Experimental design and statistical analysis. A 4 × 3 × 3 ×
6 randomized complete block design representing 4 replicates,
3 pretreatments, 3 radiation dose levels, and 6 storage times
was used for this study. The responses measured were the con-
centration (%) of the FA derived from either the NL or the PL
fraction of the chicken legs. Multifactor ANOVA was per-
formed on the data using Stat-Packets computer software (Stat-
Packets, 1987 version; Walonik Associates, Minneapolis, MN)
to yield ANOVA summary tables, treatment means, and SD.
The same statistical software was used to generate correlation
coefficients and regression equations. Fisher’s LSD was used
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to analyze differences between means. In all cases, P values
≤0.05 were considered to be significant.

RESULTS AND DISCUSSION

The results indicated that the major FA in both the NL and PL
fractions of the entire fresh chicken legs were oleic acid (C18:1),
palmitic acid (C16:0), linoleic acid (C18:2), and stearic acid
(C18:0), in decreasing order of concentration, i.e., 48, 25, 11,
and 5%, respectively, in the NL fraction and 27, 23, 17, and
13% in the PL fraction (data not shown). Note that the concen-
tration of oleic acid (48%) in the NL fraction was nearly twice
that in the PL fraction. PUFA that were identified included
linolenic acid (C18:3), eicosadienoic acid (C20:2), eicosatrienoic
acid (C20:3), and arachidonic acid (C20:4). The PL fraction had
higher levels of linolenic acid and eicosatrienoic acid than the
NL fraction. The content of C18:3, C20:2, C20:3, and C20:4 in the
NL fraction was, respectively, 0.2, 2.6, 0.8, and 6%, and in the
PL fraction was, respectively, 5, 2, 3, and 6% (data not shown).

Effect of process variables on FA. Inspection of the ANOVA
summary in Table 1 suggested that levels of FA derived from
the PL fraction were significantly (P ≤ 0.01) affected by the
pretreatments, radiation doses, and storage times. The concen-
trations of FA derived from the NL fraction, however, were in-
fluenced by variations in the pretreatments and storage time,
but less so by variations in radiation dose (Table 1). The results
further indicated significant (P ≤ 0.01) interactions between the
variables. With the exception of eicosadienoic acid (C20:2), all
the FA derived from the PL fraction were significantly affected
(P ≤ 0.05) by interactions between radiation dose and pretreat-
ment (Table 1). 

Effect of pretreatments. The effects of the pretreatments on
FA derived from NL and PL were dependent on the FA and the

source of the FA (Table 2). For example, palmitoleic acid
(C16:1) from the NL fraction of chicken treated under vacuum
was present at a significantly (P ≤ 0.05) lower average concen-
tration of 8.92% (Table 2) than in chicken treated in air (9.74%)
or marinated (10.65%). For linoleic acid (C18:2), also derived
from the NL fraction, samples treated in air had a significantly
(P ≤ 0.05) higher average concentration (10.53%) than that ob-
served from marinated chickens (9.91%). Contrary to what was
observed for linoleic acid derived from the NL fraction, the av-
erage concentration of linoleic acid derived from the PL frac-
tion was significantly (P ≤ 0.05) higher (17.73%) when the
chicken was marinated than when treated under vacuum
(16.90%) or in air (14.80%). Levels of arachidonic acid also
were highest in marinated chicken. Rady et al. (14) reported
that packaging in air or under vacuum had little effect on the
FA profiles of neutral and polar lipids separated from chicken
tissues irradiated with doses between 1 and 10 kGy. Lacroix et
al. (3) reported that natural antioxidants from rosemary and
thyme caused substantial reduction in the generation of volatile
hydrocarbons from unsaturated arachidonic and linoleic acids
during irradiation at 3 and 9 kGy. Rosemary (Rosmarinus of-
ficinale L.) contains antioxidant substances (2,4). The results
of our study suggest that the antioxidant effect of natural sub-
stances, present in the marinade, on lipids in a complex mater-
ial (chicken muscle) was different from that on isolated lipids.
The natural substances in the marinade exerted a greater antioxi-
dant effect on lipids derived from PL than on NL. It has been re-
ported that PUFA, notably arachidonic acid of the PL fraction,
decrease appreciably during lipid oxidation and storage (15,16).

Effect of radiation dose. The concentration of FA derived
from the PL fraction was influenced more by variations in the
radiation dose than the FA derived from the NL fraction (Table
1). In general, the concentration of unsaturated FA decreased
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TABLE 1
Summary Table (F ′ values) for Multifactor ANOVA

Dependent variables
FA from phospholipid fraction in chicken legs

Source of variation C14:1 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:2 C20:3 C20:4

Independent variables
MAa: Storage time (d) 18.57b 45.92b 4.28b 12.70b 0.96 38.51b 151.27b 10.76b 9.90b 184.46b 10.73b

Radiation dose (kGy) 10.02b 214.96b 1.85 151.46b 29.50b 264.52b 230.22b 85.78b 37.13b 44.30b 52.49b

Pretreatment 75.45b 332.09b 19.16b 206.13b 39.65b 783.09b 76.50b 56.89b 17.87b 11.29b 116.02b

Inc: Storage time/dose 0.69 2.90 0.58 0.55 1.98 1.91 20.10b 1.28 3.71b 17.29b 1.56
Dose/pretreatment 6.62b 40.59b 11.98b 21.80b 8.91b 29.91b 10.99b 5.49b 2.26 8.24b 3.91b

Storage time/pretreat. 5.95b 7.84b 0.24 1.59 0.59 1.39 7.18b 6.45b 1.64 33.40b 0.38

FA from neutral lipid fraction in chicken legs

C14:0 C14:1 C16:0 C16:1 C18:0 C18:1 C18:2 C18:3 C20:0

Independent variables
MAa: Storage time 0.65 4.34b 13.46b 84.38b 5.23b 28.23b 69.76b 8.06b 7.30b

Radiation dose 12.06b 2.86 0.82 20.93b 1.51 2.09 3.06 0.41 4.93 
Pretreatment 15.93b 1.29 33.58b 495.60b 4.48 12.39b 64.06b 0.27 1.47 

Inc: Storage time/dose 1.22 1.60 0.52 2.18 0.64 1.19 0.70 0.65 2.06 
Dose/pretreatment 0.52 1.78 8.89b 13.66b 0.88 5.17b 6.34b 0.82 1.27
Storage time/pretreat. 0.73b 1.48b 0.95 3.57b 0.57 1.18 8.78b 0.70 2.01

aMA: main effects.
b(P ≤ 0.01).
cIn: Interactions.



with increasing radiation dose; conversely, the concentration of
saturated FA increased with increasing radiation dose. For ex-
ample, the concentrations of palmitic acid (C16:0) and stearic
acid (C18:0) increased from 23.40 and 12.74%, respectively, to
24.82 and 14.49% when the radiation dose increased from 0 to
5 kGy (Table 3). The levels of oleic acid (27.17%) and linoleic
acid (17.38%), however, were significantly (P ≤ 0.05) higher
in the nonirradiated chicken than the 25.59 and 15.62%, re-
spectively, present in chicken irradiated with 5 kGy. Hassan
and Shams (16) also reported an inverse relationship between
unsaturated FA and radiation dose. The significant (P ≤ 0.01)
interactions between radiation dose and pretreatment (Table 1)
suggest that the effect of radiation dose on the concentration of
FA was dependent on the pretreatment. For linoleic acid de-
rived from the PL fraction, the extent of loss induced by in-
creasing the radiation dose was less in marinated chicken,
18.10% (0 kGy), 17.60% (3 kGy), and 17.50% (5 kGy) (data
not shown), than in chicken irradiated in air (16.10, 14.70,
13.60%, respectively) or irradiated under vacuum (17.90,
17.00, and 15.60%, respectively).

Effect of storage time. The concentration of FA derived from
NL or PL was influenced by variations in the storage time (Table
1). In general, the concentration of FA decreased with an increase
in storage time. For example, linoleic acids derived from the PL
fraction decreased significantly (P ≤ 0.05) from 17.09% on day
1 to 15.82% on day 15 (data not shown). A similar trend was fol-
lowed by linoleic acid derived from the NL fraction. Hassan and
Shams (16) also reported a decrease in the concentration of un-
saturated FA in irradiated meat with an increase in storage time.

Correlation between the FA. A significant (P ≤ 0.01) corre-
lation between the FA was observed (Table 4). The trends fol-

lowed by the correlation coefficients between the FA under two
of the pretreatments (air and marinade) were similar, but dif-
ferent from that followed by FA in chicken meat treated under
vacuum. An important observation is the inverse relationship
between the content of linoleic acid (C18:2), linolenic acid
(C18:3), eicosadienoic acid (C20:2), eicosatrienoic acid (C20:3),
and arachidonic acid (C20:4), derived from chicken legs irradi-
ated in air or marinade and the lower-carbon-number (≤17) sat-
urated FA. Such inverse correlation between these PUFA and
lower-carbon-number saturated FA was not apparent in vac-
uum-treated chicken legs. The results suggested that irradia-
tion under vacuum suppressed scission of high-carbon-number
unsaturated FA into lower-carbon-number (≤17) saturated FA.
A combination of marinating and vacuum packaging might be
a better approach for controlling lipid oxidation and degrada-
tion than either process alone during irradiation of chicken.

Predictive models based on radiation dose and storage time.
Predictive models for most of the FA based on radiation dose
and storage time were significant (P ≤ 0.01). The models for
linoleic and linolenic acids are shown in Table 5. The coeffi-
cient of determination (R2) for the models ranged between 0.78
and 0.95. The models suggested that both radiation dose and
storage time were inversely related to the FA concentration.

Effects of pretreatments and irradiation on the sensory qual-
ity of chicken legs. Panelist scores for odor intensity, flavor in-
tensity, color intensity, and muscle fiber integrity were neutral
for both the control and irradiated samples (Table 6). For
chicken legs irradiated in air, scores for odor intensity (7.8) and
flavor intensity (8.7) were significantly (P ≤ 0.05) higher than
the controls (6.1 for odor intensity and 6.9 for flavor intensity),
but there was no significant difference (P > 0.05) between the
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TABLE 2
Treatment Meansa Showing the Effects of Irradiation in Air, Vacuum, or Marinade
on FA from Neutral Lipids (NL) and Phospholipids (PL) in Chicken Legs

Pretreatments

FA Air Vacuum Marinade

C16:1 (NL) 9.74 ± 0.73A 8.92 ± 0.55B 10.65 ± 0.35C
C18:1 (NL) 47.78 ± 0.65A 48.29 ± 0.73B 48.03 ± 0.45C
C18:2 (NL) 10.53 ± 0.53A 10.49 ± 0.78A 9.91 ± 0.28B
C16:1 (PL) 6.70 ± 0.72A 5.79 ± 0.78B 6.01 ± 0.35B
C18:1 (PL) 26.52 ± 1.55A 27.04 ± 0.93B 25.19 ± 0.53C
C18:2 (PL) 14.80 ± 1.24A 16.90 ± 1.02B 17.73 ± 0.45C
C20:4 (PL) 2.11 ± 0.15A 3.55 ± 0.21B 4.81 ± 0.37C
aMeans in a row bearing the same letter are not significantly different (P > 0.05).

TABLE 3
Treatment Meansa Showing the Effects of Radiation Dose on Some FA Derived
from PL in Chicken Legs

Radiation doses
FA 0 kGy 3 kGy 5 kGy

C16:0 23.40 ± 0.76A 23.86 ± 1.35A 24.82 ± 0.83B
C18:0 12.74 ± 0.73A 13.55 ± 1.20B 14.49 ± 1.12C
C18:1 27.17 ± 1.33A 25.99 ± 1.24B 25.59 ± 0.84C
C18:2 17.38 ± 1.04A 16.44 ± 1.42B 15.62 ± 1.69C

aMeans in a row bearing the same letter are not significantly different (P > 0.05). For abbreviation see
Table 2.



scores for color intensity and muscle fiber integrity (Table 6).
For chicken legs that were marinated or vacuum treated, no sig-
nificant difference (P > 0.05) was observed between the mean
scores for all the sensory quality attributes tested. Irradiation in
the absence of oxygen (vacuum packaging) retards the progress
of lipid oxidation (17). Lacroix et al. (3) showed that the an-

tioxidant properties of thyme and rosemary (marinade) reduce
the generation of initial free radicals in the FA and cause a sub-
stantial reduction in volatile hydrocarbons generated between
3 and 9 kGy radiolysis of unsatured FA. The off-odor detected
on treated samples is due to the production during irradiation
of some small M.W. volatile compounds, which are also pro-
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TABLE 4
Correlation Coefficients for FA from PL of Chicken Legs Irradiated in Air, Vacuum, or Marinade

C14:0 C14:1 C15:0 C16:0 C16:1 C17:0 C18:0 C18:1 C18:2 C18:3 C20:0 C20:2

Air C18:2 −0.89a −0.81a −0.61a −0.89a

C18:3 −0.65a −0.64a −0.88a −0.76a 0.68a −0.77a +0.79a

C20:2 −0.60a −0.64a −0.87a −0.76a 0.68a −0.76a +0.77a +0.98a

C20:3 +0.70a −0.87a −0.65a −0.61a 0.91a +0.69a +0.71a

C20:4 −0.70a −0.75a −0.79a −0.78a +0.79a +0.93a +0.89a

Vacuum C18:2 −0.82a −0.83a −0.76a −0.69a −0.91a +0.74a

C18:3 +0.78a

C20:2 +0.64a

C20:3 +0.74a +0.99a

C20:4 +0.68a +0.83a +0.92a +0.91a

Marinade C18:2 −0.61a −0.65a −0.60a −0.59a +0.66a

C18:3 −0.72a +0.74a −0.76a −0.70a −0.75a −0.68a +0.62a +0.89a

C20:2 −0.77a −0.72a −0.78a −0.73a −0.77a +0.76a +0.82a +0.86a

C20:3 −0.63a +0.81a

C20:4 −0.92a −0.68a −0.90a −0.68a −0.91a +0.87a +0.68a +0.78a −0.62a +0.72a

a(P ≤ 0.01). For abbreviation see Table 2.

TABLE 5
Regression Coefficients for Equations Relating the Concentration (%) of Linoleic Acid (PL) and (%) Linolenic
Acid (PL) in Chicken Legs Irradiated in Air, Vacuum, or Marinade to Radiation Dose and Storage Time

Radiation dose Storage time at 4°C
FA Constant (kGy) (d) R2

C18:2 (air) 16.951 −0.504a −0.106a 0.93
C18:2 (vacuum) 18.717 −0.415a −0.092a 0.95
C18:2 (marinade) 18.577 −0.126a −0.067a 0.90
C18:3 (air) 0.651 −0.063a −0.023a 0.78
C18:3 (vacuum) 0.803 −0.046a −0.036a 0.86
C18:3 (marinade) 1.101 −0.083a −0.049a 0.82
aP ≤ 0.01. For abbreviation see Table 2.

TABLE 6
Treatment Meansa for the Sensory Quality of Irradiated Chicken Legs

Sensory attributes

Colorb Odorc Flavord Muscle fibere

Treatments intensity intensity intensity integrity

Air
Control 6.1 ± 2.9A 6.1 ± 2.3A 6.9 ± 2.1A 6.2 ± 2.9A
Irradiated (5 kGy) 6.1 ± 2.8A 7.8 ± 1.4B 8.7 ± 1.8B 7.7 ± 2.1A

Vacuum
Control 8.8 ± 3.1A 9.1 ± 2.4A 8.7 ± 2.4A 8.4 ± 2.1A
Irradiated (5 kGy) 8.7 ± 2.8A 8.4 ± 2.8A 8.1 ± 2.9A 7.9 ± 2.8A

Marinade
Control 7.8 ± 2.1A 8.5 ± 2.7A 8.9 ± 1.6A 8.9 ± 1.4A
Irradiated (5 kGy) 7.7 ± 2.3A 8.1 ± 2.1A 8.2 ± 2.1A 8.1 ± 2.7A

aNo significant difference (P > 0.05) between means in a column bearing the same letter. Panelists (n = 10) evalu-
ated the samples using a 15-cm line scale.
bScale of 0 = pale yellow to 15 = dark yellow.
cScale of 0 = none to 15 = strong.
dScale of 0 = no off-flavors to 15 = intense off-flavors.
eScale of 0 = tough to 15 = tender.



duced by free radical-mediated autoxidation. The overall ac-
ceptability decreased with increasing dose. Low-dose irradia-
tion is associated with insignificant changes in proteins, amino
acids, and fats, and at 2.5 kGy there are negligible changes in
the odor or taste of the product (18). In general, when a dose of
2.5 kGy is used, no change can be perceived before or after cook-
ing the meat by roasting and on storage at 1 to 4°C. Upon in-
creasing the dose to 5 kGy, the observed initial radiolytic odor
disappears on storage at 1 to 4°C and roasting of the meat (7).

Irradiation enhances lipid oxidation. Marinating, however,
has the potential to control oxidation of unsaturated FA in
chicken, particularly those derived from the PL. Irradiation of
raw chicken, in air or under vacuum, favors oxidation of unsat-
urated FA into lower-carbon-number saturated FA. A combina-
tion of marinating and vacuum packaging might be a better al-
ternative for controlling oxidation/degradation of high-carbon-
number unsaturated FA during irradiation of chicken.
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